Objective: The reported incidence rate of gonorrhea has more than doubled from 2000 to 2010 in Montréal, increasing in both sexes and all age groups; however, the increase was particularly high in females aged 15 to 24 years. As the reasons for this increase among young women are not fully understood, we wanted to determine whether neighbourhood-level population characteristics were associated with incidence rates in this group, to help target intervention strategies.
G onorrhea has been nationally notifiable in Canada since 1924 and remains the second most commonly reported sexually transmitted infection (STI) in the country after chlamydia. 1 In Canada, there has been a gradual but steady increase in reported rates of gonorrhea in both sexes since 2000. The reported incidence has increased from 20.1/100,000 in 2000 to 29.6/100,000 in 2010. The incidence rate of gonorrhea for Montréal is higher than that for both Canada (with the exception of 2004) and Québec. From 2000 to 2010, the incidence rate of reported cases in Montréal doubled from 24.5 to 51.5 per 100,000.
The increase in the reported incidence of gonorrhea in Montréal has affected both men and women and all age groups; however, males continue to have higher incidence rates compared to females (2010: 78/100,000 for males and 26/100,000 for females). Although the highest incidence rate of gonorrhea is consistently among men, from 2005 to 2010, the percent increase in the incidence rate was almost five times higher among women (from 8/100,000 to 26/100,000: +225%) than among men (from 53/100,000 to 78/100,000: +47%). In women, the increase was particularly high in the 15-19 year and 20-24 year age groups (see Figure 1) .
Because of the greater risk of severe complications in females, the Montreal Health and Social Services Agency has focused their investigations on women under the age of 25 years. However, the reasons for the increase among young women are not fully understood. Therefore, the objective of this study was to determine whether gonorrhea incidence rates among young women were associated with neighbourhood-level population characteristics, in order to help target intervention strategies.
Numerous studies have identified individual-level risk factors for STIs and as a result, public health typically targets high-risk individuals, focusing on screening, treatment, partner notification and counselling. 2, 3 However, using individual case characteristics is not always sufficient to fully understand surveillance trends or for the control of outbreaks. Individual characteristics do not always adequately describe key groups, making it difficult to design effective interventions to prevent gonorrhea transmission. As a result, there has been increased attention paid to the social determinants of disease and the relationship between gonorrhea rates and population characteristics. These geographic approaches to STI prevention in areas where core groups exist have been suggested as feasible alternatives to case-by-case management and have had success in lowering incidence. 4 A more thorough understanding of the target population combined with geographic information may help refine current uniformly applied intervention strategies or with the development of new targeted strategies. Neighbourhoods were used as the analysis unit to approximate the concept of community. These 111 non-administrative boundaries were defined in 2007 by the Montreal Health and Social Services Agency in consultation with many local partners. Neighbourhood populations range from 1,975 to 64,100; with an average population of 16,706. To define the neighbourhoods, the Montreal Health and Social Services Agency conducted a review and analysis of all documents and maps developed by the city and other local territories. This included neighbourhood profiles describing in detail the characteristics of the population, documents outlining the history of the neighbourhood, or any other publication reporting a division of the territory. The purpose was to divide the health and social territories in the Montreal area into smaller units that reflect distinct social realities and, in many cases, areas requiring different interventions. Each neighbourhood had to be fully included in a local community service centre. Specifically, the boundaries of neighbourhoods had to be drawn from census dissemination areas and to follow the perimeter of the local community service centre. A neighbourhood therefore would consist of a set of dissemination areas or parts thereof. Consultations were held to obtain consensus on the defined neighbourhoods. Participants included social workers and nurses, and representatives from community organizations, day care centres, schools, the Ministry of Immigration and Cultural Community, the city of Montreal and the Ministry of Families and Seniors.
The smaller units were chosen because the compilation of data by larger geographical boundaries can mask important differences. 6 Neighbourhood characteristics were obtained from 2006 Canadian Census data.
The dependent variable was the neighbourhood gonorrhea incidence rate for females aged 15 to 24 years. The independent variables included material and social deprivation indices, their combination and components, and ethnic origin (see Table 1 ). These variables were selected based on the deprivation index created in Québec as well as on findings from previous research with specific interest in racial/ethnic composition and STI incidence. [7] [8] [9] [10] Adjusted incidence rate ratios (IRR) were estimated by negative binomial regression to reflect the expected changes in the gonorrhea rate associated with changes in the neighbourhood characteristics.
Variables were applied one at a time and as a group (deprivation indices) to determine whether a single variable or all variables combined were associated with disease rates. Variables significant at p<0.05 in the univariate analysis were further examined in the multivariate models. In the final model, independent variables were normalized into z scores to facilitate comparison of their respective IRRs. STATA version 10.1 was used for analyses. This work only used publicly available aggregate data and no ethical review was required.
RESULTS
From 2002 to 2009, 837 gonorrhea cases were reported among females aged 15 to 24 years. Of those cases, 784 (93.7%) could be geographically coded and attributed to a neighbourhood. Twenty neighbourhoods throughout the island of Montréal had cumulative incidence rates of over 130 per 100,000 population ( Figure 2 ). Less than half (8/20: 40%) of these neighbourhoods were among those with greater than 50% of the population who are both materially and socially deprived. Therefore, the remaining 12 neighbourhoods with high incidence rates of gonorrhea were among those with more favourable material and social conditions.
Results from the univariate analyses are shown in Table 2 . Gonorrhea incidence was significantly associated with average income after taxes, and the proportion of the population: without high school diploma; in single-parent families; separated, widowed or divorced; materially deprived; socially and materially deprived; or whose origin is Caribbean, Aboriginal, Western European, Northern European, Eastern European, and African ( Table 2) .
The six independent variables and six ethnic origin groups that were significantly associated with gonorrhea rates were included in the multivariate analysis. The first multivariate model revealed that when the deprivation indices were included with some of their Material deprivation which reflects the deprivation of goods and conveniences of everyday life (% of the population without a diploma; employment rate; average income) 11 9. Social deprivation which reflects the fragility of the social network and family to the community (% of the population separated, divorced, widowed; % of single-parent families; % of the population living alone 11 10. Material and social deprivation: Characterizes a state of relative disadvantage of individuals, families or groups with respect to a population to which they belong: a local community, region or nation. Includes the indicators that make up both social and material deprivation 11, 12 Figure 1. The final analysis, using normalized independent variables, revealed that higher proportions of African, Aboriginal and Caribbean populations were associated with rates of gonorrhea, even after controlling for indices of deprivation (see Table 3 ). African origin population had the strongest association, with each increase of one standard deviation in the percentage of the population whose origin is African being associated with a 34% increase in the rate of gonorrhea among women aged 15 to 24 years.
Negative binomial regression was chosen instead of Poisson regression because the variance for the independent variable was five times greater than the mean (mean 7.06 and variance 36.8), meaning that the data were overdispersed and the Poisson regression method therefore was not appropriate.
DISCUSSION
This study demonstrates the application of regression models to examine the association between neighbourhood-level characteristics and reported incidence rates of gonorrhea. Our results imply that each increase of one standard deviation in the proportion of the population whose origin is African, Aboriginal or Caribbean is associated with a 34%, 33% or 18% increase, respectively, in the rate of gonorrhea among women aged 15 to 24 years. These results suggest that the proportions of three ethnic origin groups are either markers for risk factors of gonorrhea or could be themselves risk factors. The reasons for the association between gonorrhea incidence and these ethnic origin groups are difficult to identify. Late seeking of health care services and failure to use condoms do not seem to account for the association. 7, 13 As well, there are no known biological susceptibility differences between ethnic groups. Cumulative neighbourhood incidence rates of reported cases of gonorrhea, females aged 15-24 years, residents of Montréal, 2002 Montréal, -2009 that sexually transmitted infections stay within certain ethnic groups because partner choices are more segregated (assortative mixing) than in other groups. 15, 16 Rothenberg et al. demonstrate that in groups with high STI risk, partner concurrency is higher, even though the number of partners over time may be similar. 3 Previous studies have shown that STI rates are highest in areas with lower levels of socio-economic status; 8, 10, 17, 18 however, our results did not demonstrate that among young women in Montréal an association exists between gonorrhea rates and traditional socioeconomic status indicators associated with STIs, such as unemployment or material and social deprivation indicators.
We note limitations in the gonorrhea incidence data that were used. They were obtained from reported cases of infection, which are dependent upon medical practitioners testing for infections and on physicians or laboratories reporting positive results. Variations in STI screening practices among physicians may have influenced the number of reported cases.
By focusing only on neighbourhoods of residence of cases, our analysis ignored spatial effects from contiguous neighbourhoods. This omission may have affected our estimates, but it is difficult to determine the extent of the effect. Spatial smoothing is one method that could have been used; however, consensus on appropriate methods for adjusting STI rates to increase reliability of comparisons has not been reached. 19, 20 STI control strategies currently focus on individual intervention. [21] [22] [23] In the short term, these strategies may have an impact on interrupting disease transmission. 24 However, it has become increasingly apparent that risk factors for STIs cannot be explained solely by individual behaviour. 25, 26 This study is consistent with current findings that suggest that differences in population characteristics (more specifically, ethnicity) are associated with differences in gonorrhea rates. [7] [8] [9] [10] 19, [25] [26] [27] [28] [29] [30] Although ethnicity may be strongly correlated with socio-economic status, our findings demonstrate that there are factors of ethnicity that transcend poverty. 29 Our study adds to the evidence that suggests that in order to achieve and sustain reductions in community-level disparities of STIs, public health organizations must pay greater attention to the population characteristics. Inclusion of population data into existing surveillance systems will facilitate the study of their relationship to disease trends at the community level.
Community interventions are rare in the field of prevention and control of STIs, as traditional control strategies have focused primarily on individual characteristics of cases to determine risk factors. However, this study demonstrates that gonorrhea is clustered in neighbourhoods that have high proportions of African, Aboriginal and Caribbean populations. In small cities, it may be possible for the local public health department to interview and follow up on every case to obtain individual characteristics. However, disease rates in Montréal have become and will remain a problem insurmountable with current approaches. Populationlevel prevention programs could be a useful addition to the current armamentarium. Conclusion : Les méthodes habituelles de surveillance de la gonorrhée considèrent les caractéristiques individuelles des cas comme des facteurs de risque de la maladie. Nos résultats montrent toutefois que la gonorrhée est regroupée dans des quartiers qui ont des proportions élevées d'habitants des trois groupes ethniques mentionnés. Les constatations de cette démarche écologique montrent que bien que l'ethnicité puisse être fortement corrélée au statut socioéconomique, il y a des facteurs dans l'ethnicité qui transcendent la pauvreté.
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